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TITLE 

INTERLEUKIN 10 PROTEASE 

TECHNTPAT mi f| F TWF gCffiimflM 

This invention relates to an interleukin IB protease enzyme (IL-1S pro) having 
biological activity to cleave inactive precursor interleukin- 18 (IL-1B) polypeptides into 
active mature IL- IB polypeptides. More specifically, the invention provides an isolated IL- 
10 IB pro polypeptide and derivatives thereof that are capable of cleaving a particular amino 
acid sequence, including the amino acid sequence, at the N-terminus of human IL-1B. The 
present invention further provides a group of compounds that can inhibit IL-1B pro activity 
and thereby function as IL-1 antagonists. 
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15 luncnnnTmp nv HffiEMIIQM 

Interleukin IB (IL-1B) is a 17.5 kDa polypeptide hormone synthesized and secreted 
by stimulated monocytes. The initial translation product of IL-1B is a larger 31 kDa 
biologically inactive precursor polypeptide. The N-tenninus of biologically active, mature 
IL-1B derived from human activated monocytes has been characterized by an N-terminal 
20 amino acid sequence beginning with Ala-Pro. See. for example. European Patent 
Application EP-A-0165654 and March et al. Nature (London) 315: 641-47 (1985) for 
sequence information of human 1L-1B. 

The N-terminal Ala residue of human mature IL-lflisin the 117 position and an 
Asp residue is in the 1 16 position counting from the N-terminus of human precursor H.-1B 
polypepude. Mature IL-lBconsists of the C-ierminal 153 residues of the precursor 
polypeptide. 

Maturation and release of mature IL- IB from macrophages does not proceed by 
convenoonal means normally associated with most secretory proteins, because the 
precursor IL- IB polypeptide teles a hydrophobic signal sequence. Further. IL-1B is not 
associated with a membrane-bound compartment in monocytes. (Singer et al. / Exp Med 
167:389-407 (1988)). Most secretory proteins are characterized by the preset oTT 
hydrophobic stretch of amino acids called a signal sequence. The signal sequence directs 
the translocation of the protein across the membrane of the endoplasmic reticulum during 
protein synthesis. The protein is subsequently ushered out of the cell via exocytosis Most 
secreted proteins have a signal sequence at the amino terminal that is removed upon " 
translocauon. Other proteins, such as ovalbumin, have an internal signal sequence that is 
not removed upon translocation. Both precursor forms of IL-la and 1MB (March et al ) 
lack any region (either amino terminal or internal) with sufficient hydrophobic^ and length 
to qualify as a signal sequence. g 
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A further indication of an unusual maturation pathway far 1MB is the absence of a 
pair of ^ScVmino acids near the N-terminus of the mature polypeptide. The amino acid 
sequ"^ Tvr-Val-His-Aso- orecedes the N-terminal Ala-Pro of the mature human IL- 1 B 
polypepuae. Moreover, x oung ci aL /. Cell Bio. 107:447-56 (1988) found that fibroblasts 
5 transfected with cDN A ooding for precursor IL- IB were unable to process the precursor 
polypeptide into mature IL-1B. Instead, the transfected fibroblasts produced high levels of 
inactive precursor polypeptide. The results reported by Young et al. are consistent with 
other reports for other cell types, including T cells, epidermal cells and B cells. 

Hazuda et al. J. Biol. Chem. 263:8473-79 (1988) have reported that both the 

1 0 precursor and mature forms of IL- IB appear in the supematants of activated monocytes 
with little 5r no preference. Hazuda et al. suggest that IL-1B processing is "intimately 
coordinated" with secretion. 

There have been several attempts to characterize or isolate the system responsible 
for processing IL-lfi from its translated precursor form to its active mature form. Black el 

15 al. J. Biol Chem. 263:9437*42 (1988) [Black et al. T) suggests that the cleavage pattern of 
precursor IL-1B is effected by myeloid cell membranes and results from the action of a 
plurality of proteases which act as an IL* IB processing system. A subsequent article by 
Black et al. /. Biol Chem. 264:5323-26 (1989) [Black et al. II] describes a single protease 
that cleaves IL-1B between His 1 15 and Asp 1 *6* one residue upstream form the the N- 

20 terminal Ala 1 17 of mature IL- IB. Thus, the protease described in Black et al. II generates a 
form of IL- 1 B one amino acid longer than the mature IL- 1 (5 purified from monocyte 
cultures. Black et al. II suggests that there may be an aminopeptidase in human blood that 
removes the N -terminal aspartate residue to complete the processing. 

Kostura et al. Proc. Nat Acad Scl. USA 86:5227-31 (July, 1989) refers to a 

25 protease with a similar cleavage pattern but "qualitatively different H from the protease 

described in Black et al. II. The Kostura et al. protease is characterized as being located in 
cytosol of monocytic cells. However, Kostura et al. did not further define or isolate the 
responsible polypeptide. 

Finally, Black et al.- FEBS Lett. 247:386-90 (April. 1989) [Black et al. IIIJ refers to 

30 a protease that generates mature IL-lfi rom the precursor polypeptide and is characterized 
by being inhibited by iodoacetate and N-ethylmaleimide. Black et al. Ill attempted to purify 
their protease approximately 500 fold by a process starting by freeze-thawing cell lysates 
from THP-1 cells (ATCC) four times. Black et al. ID centrifuged the lysates for 20 min at 
36 f 590 X g. The supernatant was applied to a DEAE* Sephacel column equilibrated with 

35 ] 0 mM Tris-HCJ (pH 8. 1 ) and 5 mM dithiothreitol The protease was eluted with 80* 1 40 
mM NaCl. The eluted material was diluted 1:5 with a buffer of 10 mM Tris-HCl (pH 8.1) 
and 5 mM dithiothreitol and applied to a procion red agarose column. The protease was 
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eluted with 0 .5-0.8 M NaQ. concentrated 20-fold in a Cenmprep-10 concentrator, and 
then subjected to gel filtration with Sephadex G-75. This procedure described in Black et 
al. HI failed to demonstrate whether the protease activity was due to a single polypeptide or 
a group of processing enzymes. 

Therefore, there is a need in the art to obtain the isolated system or single protease 
polypeptide responsible for processing precursor 1U IB into its mature and biologically 
active form. The protease functions as an IL-1 agonist to increase IL-1 biological activity 
in vivo. Moreover, the isolated protease will be useful for improving wound healing, 
treating arthritis, and treating or preventing the onset of autoimmune diseases, such as 
insulin dependent diabetes melitus, lupus disorders, Graves' disease. Hashimotos disease 
and the detrimental side effects of radiation treatment. 

Further, isolation and characterization of the protease responsible for processing 
precursor IL-1B into its biologically active form will aid in designing inhibitors for IL- IB 
processing, because the availability of large quantities of IL-1B pro will serve as a useful 
screening vehicle for finding compounds having IL-1 antagonist activity. Such IL-1 
antagonists or IL-IB pro inhibitors should be useful for treating inflammation and 
transplantation rejection. 

Other protease inhibitors have beer, described (for example, U.S. Patents 
4.644.055. 4.636.492 and 4,652.552). However, proteue inhibitors tend ,o be specific 
to.»epm<e^,heyinhJbi.byhrt» g .chen^ 

ZZZZSr ™" " ** Pre ™ !lH " CTibed fro '"» — « be expened to 

inhibit JLr 1 fl pro aco vity . r 



SUMMARY OF THE rwvfffTrffl 

Vam l inVa " bn " ° " ^ "-vint proteolydc 
acvry for a spectfic pmteue cleavage site, wherein the protean acdvity is specific for . 
substmtepepdde having an amino acid sequence comprising: P"**" 

. _ Rl-Asp-R 2 .R 3 
wheretnR, and R3 are independently any D or L isomer amino acid, R2 is Ala or Glv and 
30 where* the specific pro*** elMV4p ri« i, berween Am ^ R 2 . rJembTy me 
-tan. pepdde i, a, !=«, eight lmtao ^ „ ^ ^ ^ 

yteMtrntumlUlfl polypepdde a, . cleavage site between die Asp 116 and S TlT 7 
msrdue, 1* region of precursor 1MB emmsp™,, . . ^ widtin the gl s of 
35 protease cleavage si«s described herein. ™ genus of 

IM0 pro is funher chancered by a cDNA and amino acid sequence in JW , 
(Sequencer. 2>. ^^f^^^ZZZ^ST 
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purified EL- IB pro begins with the Asn Pro Ala Met Pro sequence beginning with amino 
acid 120. Based upon a molecular weight analysis, the approximate C-terminus of mature 
IL- IB pro is about amino acid 297. However, molecular weight determination indicates 
that the C-terminus of the mature IL-1B pro enzyme is from about amino acid 278 to about 
5 amino acid 315. The present invention comprises an isolated IL-lBpro polypeptide or a 
derivative, analog, or allelic variant thereof displaying IL-1B pro biological activity 
comprising proteolytically cleaving human precursor IL- IB polypeptide at a cleavage site 
between the Asp 1 16 and Ala 117 residues. 

Figure 1 also shows a nucleotide sequence encoding a 404 amino acid polypeptide 
10 having IL»1B pro biological activity. Die present invention further comprises an isolated 
DNA sequence encoding IL-1B pro or a derivative, analog or allelic variant thereof 
displaying biological activity to proteolytically cleave human precursor IL- IB polypeptide at 
a cleavage site between the Asp 1 16 and Ala 1 17 residues. The isolated DNA sequence is 
selected from the group consisting of the nucleotide sequences in Figure 1 beginning at 
15 nucleotide 1 and extending to nucleotide 1232, beginning at nucleotide 374 and extending 
to nucleotide 1232, beginning at nucleotide 374 and extending to a nucleotide from about 
85 1 to about 962, DNA sequences which detectabiy hybridize to the Figure 1 sequence 
from nucleotide 1 to nucleotide 1232 and encode a polypeptide displaying biological 
activity to proteolytically cleave human precursor IL- IB polypeptide at a cleavage site 
20 between the Asp 1 16 and Ala 117 residues, and DNA sequences which, due to degeneracy 
of the genetic code, encode a mammalian EL- IB pro polypeptide encoded by any of the 
foregoing DNA inserts and sequences. 

The present invention further comprises a recombinant expression vector 
comprising an isolated DNA sequence as described herein and a host cell which comprises 
25 the recombinant expression vector. 

The present invention provides substituted peptide inhibitor compounds comprising 
an amino acid sequence of from 1 to about 5 amino acids, having an N-terminal protecting 
group and a C-terminal Asp residue connected to an electronegative leaving group. 
Preferably, the amino acid sequence corresponds to at least a portion of the amino acid 
30 sequence Ala-Tyr-Val-His-Asp, 

The inhibitor compounds of the present invention have the formula: 

Z.Q2-Asp^Qi 

where Z is an N-terminal protecting group; Q2 is 0 to 4 amino acids such that the sequence 
Q2-Asp corresponds to at least a portion of the sequence Ala-Tyr- Val-His-Asp, residues 
35 1 12 to 1 16 of sequence listing I.D. No. 2; and Qj comprises an electronegative leaving 
group. Z is preferably C\ -fy alkylketone, benzyl, acetyl, alkoxycarbonyl, 
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bcnzyloxycaroonyl or Cj -Cg aJkylcarbonyl. More preferably. Z is t-butoxycarbonyl (t- 
Boc), acetyl carbonyl or benzyloxycarbonyl (Cbz). 

Ql is preferably C1-C3 alkyl, an aldehyde, diazomethyl ketone or halomethyl 
ketone. More preferably, Qj is an aJdehyde or fluoromethyl ketone. 
5 The present invention further provides reversible and hrevenible IL-1B pro 

inhibitors. Irreversible inhibitors are inhibitor compounds comprising an amino acid 
sequence of from 1 ro about 5 amino acids having an N-tenninal protecting group and a C- 
terminal Asp residue connected to a diazomethyl ketone or a halomethyl ketone, wherein' 
the amino acid sequence corresponds to at least a portion of the sequence Ala-Tyr-Val-His- 
10 Asp. residues 112 to 116 of sequence listing LD. No. 1. 

• Reversible IL-1B inhibitors are compounds comprising an amino acid sequence of 
from J to about 5 amino acids having an N-tenninal protecting group and a C-terminal Asp 
residue connected to an aldehyde moiety, wherein the amino acid sequence corresponds to 

at least a portion of the sequence Ala-Tvr.VaJ.His.Asp. residues 112 to 116 of sequence 
15 listing LD. No. 1. 

The present invention also provides a method of inhibiting the physiological actions 
of interleukin IB in a mammal in need of such treatment, comprising administering to said 
mammal an effective amount of a compound of the formula: 

Z-Q2-Asp-Qj 

where Z is an N-tcrminal protecting group; Q2 is 0 to 4 amino acids such that the sequence 
02-Asp corresponds to at least a portion of the sequence Ala-Tyr- Val-His-Asp. residues 
1 12 to 116 of sequence listing LD. No. 2; and Q, comprises an electronegative leaving 
group. 

In a preferred embodiment. Qj is a fluoromethyl ketone and inhibition is 
irreversible. In another preferred embodiment, Q] is an aldehyde moiety and inhibition is 
reversible. 

The present invention still further provides a pharmaceutical composition 
comprising a physiologically acceptable carrier and a compound comprising an amino acid 
sequence of from 1 to about 5 amino acids having an N-terminal protecting group and a C- 
termmaJ Asp residue connected to an electronegative leaving group, wherein said amino 
acd sequence corresponds to at least a portion of the sequence Ala-Tyr-Val-His-Asp 
residues 1 12 to 1 16 of sequence listing I.D. No. 1 . 

The present invention still further provides a method of treating inflammation 
associated with autoimmune disease in a mammal in need of such treatment comprising 
administering to said mammal an effective anti-inflammatory amount of a compound 
compnsing an amino acid sequence of from 1 to about 5 amino acids having an N-terminal 
proteenng group and a C-terminal Asp residue connected to an electronegative leaving 
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group, wherein said amino acid sequence corresponds to at least a portion of the sequence 
Ala-Tyr-Val-His-Asp, residues 112 to 1 16 of sequence listing ID. No. 1. 

The present invention further comprises antisense oligonucleotides that correspond 
to a sequence or antisense sequence of at least 15 nucleotides selected from the nucleotide 

5 sequence of Sequence ID No. 2 (Figure 1 ). 

The present invention further comprises a method for treating arthritis, a method for 
treating an autoimmune disease in a susceptible individual, a method for improving wound 
healing, and a method for reducing the detrimental side effects of radiation treatment. All 
of the methods comprise administering a therapeutically effective amount of an isolated IL- 

10 IB protease or a biologically active derivative thereof in a suitable pharmaceutical carrier. 

uptef nrsriiTPTTON of the drawtno 
Figure 1 shows the DNA and corresponding amino acid sequence for a polypeptide 
having IL-1B pro biological activity and corresponding to human mature IL-1 B pro or a 
15 biologically active fragment thereof. 



nFTATTT.n n FSPRTPTTON OF THE INVENTION 
Utilizing polymerase chain reaction (PCR) techniques, we have isolated, purified, 
characterized, and expressed a mammalian IL-1B pro polypeptide and active fragments 
20 thereof. The availability of abundant quantities of a recombinant IL-1 B pro enzyme has 
further allowed us to find inhibitor compounds capable of inhibiting IL-1B pro activity and 
thereby function as IL-1 antagonists. Further, use of IL-1B pro has IL-1 agonist activity. 
Thus, the invention relates to mammalian IHB pro polypeptides, derivatives, analogs and 
allelic variants thereof having proteolytic activity for a substrate peptide having an amino 
25 acid sequence comprising: 

R]-Asp-R2-R3 

wherein Rj and R3 are independently any D or L isomer amino acid, R2 is Ala or Gly, and 
wherein the specific protease cleavage site is between Asp and R2- Preferably, the 
substrate peptide is at least eight amino acids in length. Most preferably, R2 is Gly. 

30 Mammalian IL-1B pro is preferably a human IL- IB pro and has substrate specificity for a 
substrate peptide having the amino acid sequence described herein. Preferably, the human 
IL- 1 B pro polypeptide or derivative thereof is a polypeptide having biological activity that 
cleaves human precursor IL-1B polypeptide to yield human mature IL- IB polypeptide. 

IL- IB pro is further characterized by the cDNA and amino acid sequence in Figure 1 

35 (Sequence ID. No. 2). Full length (precursor) IL-1B pro comprises 404 amino acids. 
Purified IL-1B pro begins with the Asn Pro Ala Met Pro sequenoe beginning with amino 
acid 120. Based upon a molecular weight analysis, the approximate C-terminus of mature 
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IL- IB pro is about amino acid 297. However, the molecular weight determination indicates 
that the C-terminus of the mature enzyme is from about amino acid 278 to about amino acid 
315. The present invention comprises an isolated 1MB pro polypeptide or a derivative, 
analog, or allelic variant thereof displaying biological activity comprising proteolytically 
cleaving human precursor 1MB polypeptide at a eleavage site between the Asp 1 16 and Ala 
1 17 residues. The present invention comprises an isolated IL-lfl pro polypeptide or a 
derivative, analog, or allelic variant thereof displaying biological activity comprising 
proteolytically cleaving human precursor IL-1B polypeptide at a cleavage site between the 
Asp 116 and Ala 1 17 residues. For the purposes of this application, the term TL-1B pro- 
shall encompass the amino add sequence shown in Figure 1. plus all allelic variants, 
derivatives, analogs and fragments of this sequence that display IL-1B pro biological 
activity. 

IL-1B pro biological activity is determined, for example, by assaying for IL-1 
activity with a precursor IL- IB polypeptide. Precursor IL-1B is inactive. while mature IL- 

15 IB is an active IL-1 polypeptide. A method for measuring IL-1B pro activity is described in 
Black et al. II. Briefly, this method provides approximately five microliters of precursor 
IL- IB (prL-lB) (10-50 ug/ml prepared as described in Black et al. I) incubated with 10 jil 
of IL-1B pro polypeptide or another substance suspected of having EL- IB pro biological 
activity. The incubation proceeds for approximately one hour at approximately 37'C and is 

20 terminated by addition of 15 jd of 2 X SDS sample buffer followed by boiling for five 
minutes. The boiled sample is electrophoresed on a SDFS.polyacrylamide gel and placed 
onto a Western blot using anIL-lB C-terminal-specific monoclonal antibody, such as 16F5 
described in Black et al. L 

Figure 1 also shows a nucleotide sequence encoding a 404 amino acid sequence 
having IL-1B pro biological activity. The present invention further comprises an isolated 
DNA sequence encoding IL- IB pro or a derivative, analog or allelic variant thereof 
displaying biological activity to proteolytically cleave human precursor IL-1B polypeptide at 
a cleavage site between the Asp 116and Ala 117residues. The isolated DNA sequence is 
selected from the group consisting of the nucleotide sequences in Figure 1 beginning at 
nucleotide 1 and extending to nucleotide 1232, beginning at nucleotide 374 and extending 
to nucleotide 1232. beginning at nucleotide 374 and extending to a nucleotide from about 
851 to about 962, DNA sequences which detectably hybridize to the Figure 1 sequence 
from nucleotide 1 to nucleotide 1232 and encode a polypeptide displaying biological 
aco vtry to proteolytically cleave human precursor IL- IB polypeptide at a cleavage site 
between the Asp 116 and Ala 1 17 residues, and DNA sequences which, due to degeneracy 
of the genetic code, encode a mammalian IL-1B pro polypeptide encoded by any of the 
foregoing DNA inserts and sequences. 
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Inventive DNA sequences that deieciably hybridize to the Figure 1 nucleotide 
sequence from nucleotide 1 to nucleotide 856, hybridize under conditions of high or severe 
stringency. Severe or high stringency conditions comprise, for example, overnight 
hybridization at about 68*C in a 6 X SSC solution followed by washing at about 68'C in a 
5 0.6 X SSC solution. 

The inhibitor compounds of the present invention are substituted compounds 
comprising an amino acid sequence of from 1 to about 5 amino acid residues having an N- 
terminal blocking group and a C-terminal Asp residue connected to an electronegative leaving 
group, wherein the amino acid sequence corresponds to at least a portion of the sequence Ala- 
10 Tyr-Val-His-Asp, which sequence represents the sequence of residues 1 12 to 1 16 of precursor 
IL-1B. - 

The amino acid sequence of precursor IL-1B is presented in sequence listing I.D. No. 2 
taken from March et al.. Nature, 315:641-647 (1985). Mature 1L-1B is represented by the C- 
terminal 153 amino acid residues of precursor IL- IB. Thus, the N-tcrminal of IL-1B is the Ala 
15 residue at position 1 17 of sequence listing ID. No. 1. 

The naturally occurring amino acids are the L isomers and are so indicated without any 
isomeric (e.g.. L or D) designation. The D isomers are so indicated. 

As used herein, the phrase "corresponds to" means that a particular sequence may differ 
from the disclosed sequence by one or more conservative substitutions so long as such 
20 substitutions do not materially alter the inhibitory activity of the compounds of the present 
invention. 

Examples of substitutions that do not materially alter inhibitory activity are replacement 
of the Ala at position 1 12 of sequence listing LD. No. 1 with Ser or Gly; replacement of the Tyr 
at position 1 13 of sequence listing LD. No. 1 with Phe; replacement of the Val at position 1 14 
25 of sequence listing ID. No. 1 with Leu, lie or Met and replacement of the His at position 1 1 5 
of sequence listing LD. No. 1 with Phe, Pro, a positively charged amino acid such as Lys, 
Arg, His or Tyr, or the use of D isomers. 

The C-terminal amino acid residue of the compounds of the present invention is aspanic 
acid (Asp). Asp has a side chain of the formula CH2-COOH. Preferably, the Asp side chain 
30 carboxyl group is protected to facilitate synthesis of the compounds of the present invention. 

Asp side chain protection groups include, for example, a benzyl, substituted benzyl, 
formyl methyl or t-butyl moiety. The benzyl substituents increase the acid lability of the Asp 
side chain protecting moiety. Exemplary substituted benzyls are 2,4,6-trimethyl benzyl and 4. 
methoxybenzyl. 

35 In a preferred embodiment, the Asp side chain protecting moiety is connected to the Asp 

side chain via an ester linkage, which linkage is subject to cleavage by naturally occurring 
intracellular esterase enzymes. In this way. the protected Asp with high lipid solubility gains 
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access to a cell and is cleaved by an esterase to yield a charged, water soluble deprotected Asp 
that remains in the cytoplasm where IL-lfl pro is predominantly located. 

As used herein, the phrase "N-terminal blocking group" refers to chemical groups 
attached to the amino group of the N-temrinal amino acid residue of the sequences of the present 
5 invention. Such blocking groups are well known and readily apparent to those of skill in the 
art The Peptides, ed. by Gross and Meienhofer, Academic Press, New York, pp. 3-81 
(1981 ). N-tetminal blocking groups have been utilized with other types of protease inhibitors. 
SfiS., fiJL. U.S. Patent Nos. 4,652.552 and 4,636,492. 

As used herein, the phrase."electronegative leaving group" refers to chemical groups 
1 0 susceptible to nucleophilic attack by an amino acid residue in the enzyme active site, thus 
modifying IL-1B pro such that IL-1B pro cannot interact with and cleave precursor IL»1B. 

The inhibitor compounds of the present invention inhibit the catalytic activity of IL- IB 
pro in a reversible or an irreversible fashion. As used herein, "irreversible" means the 
formation of a covalent bond between the enzyme and the inhibitor. 
15 The reversibility of IL-1B pro activity is a function of the electronegative leaving group. 

When the electronegative leaving group is a diazoalkyl ketone, the inhibition of IL-1B pro is 
irreversible and the compound is an irreversible inhibitor. When the electronegative leaving 
group is an aldehyde, the inhibition of IL-1B pro is reversible and the compound is a reversible 
inhibitor. 

20 The inhibitor compounds of the present invention have the formula: 

Z-Q2-Asp-Qi 

where Z is an N-terminal blocking group; Q2 is 0 to about 4 amino acids such that the sequence 
02-Asp corresponds to at least a portion of the sequence Ala-Tyr-VaJ-His-Asp, residues 1 1 2 to 
1 16 of sequence listing IJ>. No. 1; and Qj is an electronegative leaving group. 

In a preferred embodiment, Z is C v Cs alkyl. benzyl, acetyl. Cj -Ce alkoxycarbonyl. 
benzyloxycarbonyl or CyC* alkyl carbonyl. As used herein, "alkyl" refers to linear or 
branched chains having 1 to 6 carbon atoms, which may be optionally substituted as herein 
defined. Representative alkyl groups include methyl, ethyl, propyl, isopropyl. butyl, pentyl. 
hexyl and the like. In a more preferred embodiment. Z is t-butoxycarbonyl (t-Boc). acetyl or 
30 benzyloxycarbonyl (Cbz). 

Q2 is preferably 1 amino acid. Preferably is His, Phe. Pro. or Tyr. Most 
preferably, Q2 is His or Phe. 

Ql is preferably an aldehyde, a diazoalkyl ketone or a haloalkyl ketone. As used herein 
in reference to electronegative leaving groups, "alkyl" refers to linear or branched chain radicals 
35 havtng 1 to 3 carbon atoms, which may be optionally substituted as herein defined 

Representative alkyl groups include methyl, ethyl, propyl and the like. More preferably Q, is 
an aldehyde or fluoromethyl (CHjF) ketone. 
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The inhibitor compounds of the present invention are made by techniques generally 
corresponding to methods known and readily apparent to those of skill in the an. See.. £X, 
Kettner, C.A. et .t Hi^m. Bianhvs.. 162:56 (1974); U.S. Patent No. 4.582,821; 
U.S. Patent No. 4,644.055; Kettner. OA. et aL. Amll Biaebfig BifflltfL. 165:739 (1974); 
5 Dakin. HJ). and West, R.. I *inl rhem.. 78:91 (1928); Rasnick, D., Anol, fiipchem ., 
149:461 (1985). 

Inhibitor compounds having a fluoromethyl electronegative leaving group are preferably 
synthesized by the Rasnick procedure. 

Inhibitor compounds having a non-fluoro, haloalkyl ketone electronegative leaving 

10 group are synthesized in accordance with the Kettner procedure. An N-blocked amino acid or 
peptide is reacted with N-methylmorpholine and an alkyl, non-fluoro haloformate to generate a 
peptide-acid anhydride. The anhydride is then reacted with a diazoalkane in an inert, aprotonic 
solvent to form a peptide-diazomeihane ketone. The diazomethane ketone is then reacted with 
an anhydrous solution of HO. HBr or HI to produce the desired N-blocked. C-terminal 

1 5 haloalkyl ketone peptide or amino acid 

Inhibitor compounds having a fluoroalkyl ketone electronegative leaving group arc 
synthesized in accordance with a Rasnick procedure. An N-blocked peptide is reacted with 
fluoroacetic anhydride and a trialkylamine in an organic solvent to form a peptide-anhydride. 
The anhydride is then reacted with a catalyst such as 4-dimethylaminopyridine and the reaction 

20 mixture maintained at about 25* C for about two hours to allow for Cp2 evolution. The 
reaction mixture is then extracted with an organic solvent and the organic phase washed and 
dried. The organic solvent is removed to form an oil which is then applied to a silica gel 
column. The N-blocked, fluoroalkyl ketone peptide is then eluted from the gel and purified. 
Inhibitor compounds having a fluoroalkyl ketone electronegative leaving group can be 

25 extended in the N-terminus direction by removing the N-tenninal blocking group and coupling 
the deprotected compound with other protected amino acids. Bodanszky, The Practice of 
Peptide Synthesis. Springer-Verlag. Berlin (1984). Alternatively, deprotected compounds are 
acetylated to yield compounds having an N- terminal acetyl protecting group. Stewart et al.. 
Solid Phase Peptide Synthesis, Pierce Chemical Co., Rockford, IL. (1984). 

30 The inhibitor compounds of the present invention are useful in inhibiting the 

physiological actions of interleukin ID by preventing formation of biologically active IL- IB. 
The inhibition of IL- 1 6 pro results in a decrease in active IL- 1 D levels and a concomitant 
increase in precursor IL-lfi, which compound is biologically inactive. 

The inhibitor compounds of the present invention are also useful in treating 

35 dysfunctional states, such as autoimmune disease-associated inflammation, often mediated by 
increased IL-1 activity. 
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Mammals needing treatment for an inflammatory disorder or prevention of an 
autoimmune condition are administered effective amounts of the compounds of this invention 
either alone or in the form of a pharmaceutical composition. 

Pharmaceutical compositions of the present invention comprise physiologically 
5 acceptable carriers and compounds comprising amino acid sequences of from 1 to about 5 
amino acids having an N-tenninal blocking group and a C-terminal Asp residue connected to an 
electronegative leaving group* wherein said amino acid sequence corresponds to the sequence 
Ala-Tyr-Val-His-Asp, residues 1 12 to 1 16 of sequence listing LD. No. 1. 

Antisense oligonucleotides cag be synthesized (by conventional phosphodiester 

10 techniques such as by Synthecell, Rockville, MD) that are complementary to unique 

specieS'Specific coding regions of mRNA for IL-lfi pro. Examples of such regions include 
regions of at least 18 bases at the initiation codon (TACCOGCiu i i CCAGGAC or 
TACCTATI CTGGGCTCGA) complementary to bases 18*36 and 168 to 196, respectively 
in Figure 1, at the N-terminus of mature IL-1B pro (TTGGGTCGATACGGGTGT) 

15 complementary to bases 374 to 392 in Figure 1 , at the approximate C terminus after 
protease cleavage (CACCACACCAAATTTCTA) complementary to bases 890 to 908 in 
Figure 1 , or at a region immediately 5' to the termination codon 
(ATGGAGAAGGGTCCTGTA) complementary to bases 1205 to 1229 in Figure 1. 

The primary amino acid structure of IL-1B pro or its active fragment thereof may be 

20 modified by forming covalent or aggregative conjugates with other chemical moieties, such 
as glycosyl groups, lipids, phosphate, acetyl groups and the like, or by creating amino acid 
sequence mutants or derivatives. Covalent derivatives of IL* IB pro are prepared by linking 
particular functional groups to IL- IB pro amino acid side chains or at the N -terminus or C- 
terminus of the IL- 16 pro polypeptide. Other derivatives of IL- IB pro within the scope of 

25 this invention include covalent or aggregative conjugates of IL- 1 B pro or its fragments with 
other proteins or polypeptides, such as by synthesis in recombinant culture as N-terminal 
or C-terminal fusions. For example, the conjugated polypeptide may be a signal (or leader) 
polypeptide sequence at the N-tenninal region of the IL- IB pro polypeptide which co- 
translationally or post-translationally directs transfer of the IL-1 B pro polypeptide from its 

30 site of synthesis to a site inside or outside of the cell membrane or wall (e.g., the yeast a- 
factor leader). IL-1B pro polypeptide fusions can comprise polypeptides added to facilitate 
purification and identification of IL-1B pro (e.g M poly-His). Further, the amino acid 
sequence of IL- IB pro can be linked to the peptide Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Ly s 
(Hopp et al. BiolT echnology 6:1204 1988), which is a highly antigenic sequence and 

35 provides an epitope revcrsibly bound by a specific monoclonal antibody to enable rapid 
assay and facile purification of the expressed recombinant polypeptide. This specific leader 
sequence is cleaved by bovine mucosal enterokinase at the residue immediately following 
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the Asp-Lys pairing. Moreover, fusion polypeptides having this leader sequence at its N- 
terminal may be resistant to degradation in E. coli host cells. 

The present invention further includes IL-lB pro polypeptides with or without 
associated native-pattern glycosylation. IL-lB pro expressed in yeast or mammalian 
5 expression systems (e.g.. COS-7 cells) may be similar or significantly different in 

molecular weight and glycosylation pattern than the native human IL-lB pro polypeptide. 
This depends upon the choice of expression system. Expression of IL-lB pro polypeptides 
in bacterial expression systems, such as £. coli, provides non-glycosylated molecules. 
Functional mutant analogs of human IL-16 pro can be synthesized, for example. 

10 with inactivated N-glycosylation sites by oligonucleotide synthesis and ligation or by site- 
specific mutagenesis techniques. The IL-lfi pro derivatives can be expressed in 
homogeneous, reduced carbohydrate form using yeast expression systems. N- 
glycosylation sites in eukaryotic polypeptides are characterized by an amino acid triplet 
Asn-O-0 where G> is any amino acid except Pro and Q is Ser or Thr. In this sequence. 

1 5 carbohydrate residues are covalently attached at the Asn side chain. 

IL- 1 B pro analogs or derivatives may also be obtained by mutations of the IL- 1 B 
pro DNA sequence. An IL- IB pro mutant derivative, as referred to herein, is a polypeptide 
substantially homologous to IL- IB pro but which has an amino acid sequence different 
from native IL-lB pro because of a deletion, insertion or substitution. 

20 IL- 1 B pro is expressed from a mammalian gene, presumably encoded by one or 

more multi-exon genes. The present invention further includes alternative mRNA 
constructs which can be attributed to different mRNA splicing events following 
transcription, and which share regions of identity or similarity with the cDNA's disclosed 
herein. 

25 Bioequivalent analogs of IL* 1 B pro polypeptides (defined as polypeptides having 

IL-lB pro biological activity) may be constructed, for example, by making various 
substitutions of amino acid residues or sequences, or by deleting terminal or internal 
residues or sequences not needed for biological activity. For example, Cys residues can be 
deleted or replaced with other amino acids to prevent formation of incorrect intramolecular 

30 disulfide bridges upon rcnaruration. Other approaches to mutagenesis involve modification 
of dibasic amino acid residues to enhance expression in yeast systems in which KEX2 
protease activity is present Generally, substitutions are made conservatively by 
substituting an amino acid having physiochemical characteristics resembling those of the 
replaced residue. Further substitutions may be made outside of the "core" sequence needed 

35 for IL-lB pro biological activity. Subunits of IL-lB pro may be constructed by deleting 
terminal or internal residues or sequences. The resulting polypeptide should have IL-lB 
pro biological activity as defined herein. 



^ WO 91/15577 



13 



PCT/US9 1/02339 



The terms "IL-1B pro", "human IL-1B pro" or TL-1B protease" include, but are not 
limited to, analogs or subunits of IL- 10 pro which are substantially similar to human 1L-1B 
pro and/or which exhibit the substrate-specific proteolytic biological activity associated with 
IL-1B pro as described herein. 
5 The term "substantially similar", when used to describe amino acid sequences, 

means that a particular sequence may vary from a disclosed reference sequence by one or 
more substitutions, deletions, or additions. However, the net effect is the same protease 
biological activity characteristic of the reference human EL-IB pro polypeptide as 
determined by a Western gel assay. A substantially similar human IL-1B pro polypeptide. 

1 0 for example, can have a truncated sequence comprising a "core region" of a sequence of 
amino acids necessary for the specific protease biological activity characteristic of IL-1B 
pro. Substantially similar IL- IB pro derivatives will be greater than about 30% similar to 
the corresponding sequence of human IL- 1 B pro and have IL- 1 B pro biological activity. 
Polypeptides having amino acid sequences of lesser degrees of similarity but comparable 

15 biological activity (including substrate specificity) are considered to be equivalents. More 
preferably, the derivative polypeptides will have greater than 80% amino acid sequence 
homology to human IL-1B pro polypeptide. Percent similarity may be determined, for 
example, by comparing sequence information using a GAP computer program, version 
6.0, available from University of Wisconsin Genetics Computer Group. The GAP 

20 program uses the alignment method of Needleman and Wunsch (J. Mol. Biol 48:443 
1970), as revised by Smith and Waterman (Adv. Appl. Math 2:482 1981). Briefly, the 
GAP program defines similarity as the number of aligned symbols which are similar, 
divided by the total number of symbols in the shorter of the two sequences. The preferred 
default parameters for the GAP program include: (1) a weighted comparison matrix for 

25 amino acids (see. Schwartz and Dayhoff, eds. Atlas of Protein Sequence and Structure. 
National Biomedical Research Foundation, pp. 353-58 1979); (2) a penalty of 3.0 for each 
gap and an additional 0.10 penalty for each symbol in each gap; and (3) no penalty for end 
gaps. 

"Biologically active", as used herein, refers to IL- IB pro biological activity to cleave 
30 a particular amino acid sequence at the peptide bond between an Asp residue and an Ala or 
Gly residue. 

"Recombinant", as used herein, means that a polypeptide is derived from 
recombinant (e.g., microbial or mammalian) expression systems. "Microbial" refers to 
bacterial or fungal (e.g., yeast) expression systems. As a product, "recombinant 
35 microbial" defines a polypeptide produced in a microbial expression system which is 
substantially free of native endogenous substances. Polypeptides expressed in most 
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bacteria] expression systems (e.g., £. coll) will be free of glycan. Polypeptides expressed 
in yeast may have a glycosylation pattern different from that expressed in mammalian cells. 

The IL-lfi pro protease has a highly restricted substrate specificity. Human 
precursor IL-1B polypeptide has an amino acid sequence His-Asp-Ala-Pro for residues 
5 1 15-118. Human IL-1B pro cleaves this sequence between residues 1 16 and 1 17 (Asp- 
Ala) to form human mature IL-1B polypeptide. Changing Asp- 1 16 to Ala in a human 
precursor IL-lfi polypeptide by site-directed mutagenesis prevented cleavage of the mutant 
IL-lfi polypeptide derivative. 

Isolated human IL-lfi pro was able to cleave at its specific substrate site even when 
1 0 the tertiary structure of the substrate precursor IL- 1 6 polypeptide was altered by denaturing 
the substrate polypeptide in boiling water. Precursor human IL-lfi was denatured by 
boiling a solution of precursor IL-1B for fifteen minutes. Denaturation had little effect on 
the ability of human IL- IB pro to be able to cleave human precursor IL-1B into mature IL- 
lfi. Thus, the tertiary structure of the substrate polypeptide does not significantly 
1 5 contribute to the reaction with the enzyme IL- 16 pro. 

IL-lfi pro biological activity was determined by a protease assay. As the IL-lfi pro 
enzyme is salt sensitive, samples having a salt concentration greater than 50mM were 
initially desalted. Samples can be desalted, for example, by applying 100 pi of sample to a 
pre-spun 1 ml Biogel P-6DG (Bio-Rad) column, which was equilibrated in 10 mM Tris- 
20 HQ. 5 mM dithtothreitol, pH 8. 1, and centrifuging for 5 min at 1 876 X g. The assay was 
conducted by incubating a mixture of five (30 ng) of purified human IL-lfi precursor 
and 1 0 Ml of the sample to be tested for IL-lfi protease biological activity for 60 min at 
37°C. A control sample was similarly incubated to check for endogenous IL-1. The 
control sample mixture contained 5 uJ of 10 mM Tris-HCl, pH 8.1 and 5 mM dithiothreitol 
25 instead of IL- 1 B precursor. The control sample incubations were terminated by addition of 
SDS (sodium dodecyl sulfate) in sample buffer followed by five min of boiling. 

All incubated assay mixtures were electrophoresed on 0.75 mm-thick SDS. 14% 
polyacrylamide slab gels, using a discontinuous system, such as the one described in 
Laemmli Nature 277:680 1970. Western blots were performed following electrophoresis 
30 by transferring the proteins onto nitrocellulose (Sartorius) and probing using an 20 jig/ml 
solution of purified IL-1B COOH-terminal-specific monoclonal antibody (i.e.. 16F5). The 
blot was developed using Horseradish Peroxidase Color Developing Reagent (Bio Rad). 
One hundred ng of purified mature IL-lfi was used as a control 17,500 dalton marker on 
the Western blot 

35 Human IL-1B pro enzyme was obtained and purified from THP-1 cells obtainable 

from the American Type Culture Collection (ATCQ. Approximately 120 liters of cells 
were cultured and then stimulated for 16 hours with liposaccharide. hydroxyurea and silica 
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as described in Matsushima Biochemistry 25:3424 1986. The cells were harvested by 
centrifugation, washed in Hanks balanced salt solution, and then recentrifuged. The cells 
were resuspended in 10 mM Tris-HQ, 5 mM dithiothreitol. pH 8.1 at a density of 10 8 /ml. 
The suspended cells were frozen and thawed three times and the lysates stored at -80°C 
5 until further use. Prior to purification, the lysates were thawed and then cemrifuged for 20 
min at 47,800 X g at 4°C. The supernatant was taken for further purification. The freeze- 
thawing procedure repeated four times released over 50% of the 1L- ID pro activity into the 
supernatant Additional frecze-thaws did not increase the yield of soluble material. 
The human IL-lBpro polypeptide was purified in a six-step process. All the 
1 0 chromatography steps were performed at 4°C using a Pharmacia FPLC System. DEAE- 
Sephacel. Hydroxyapatite and Blue Agarose gels were pre treated with 0.1% Triton-X-100 
and 10% bovine calf serum to prevent non-specific absorption of proteins to the gels. 
Further, the Blue Agarose column was washed with 8M urea to remove any noncovalently 
absorbed dye. 

15 1 . Approximately 500-600 ml of lysate supernatant was diluted 1:2 in 1 OmM Tris- 

HQ and 5mM dithiothreitol. pH 8.1 ("buffer A") to reduce ionic strength of the lysate to 
<20mM. pH was adjusted to 8.1. The diluted lysate supernatant was applied to a DEAE- 
Sephacel column (20 x 4.4 cm, Pharmacia Fine Chemicals), equilibrated with buffer A. 
The flow rate was 120 ml/hr. The column was washed with two column volumes of buffer 

20 A and then eluted with a linear gradient (3 column volumes) ranging from 0 to 300 mM 
NaCl in buffer A. Fifteen ml fractions were collected, analyzed for IL- 1 B pro activity and 
stored for further purification. The IL-lfl pro activity was eluted with between 0.07 and 
0.13 M Nad. This step removed 79% of the contaminating proteins. The bulk of the 
contaminating proteins eluted between 0.15 and 0.25 M Nad This step was further 

25 useful in partially removing endogenous mature IL-1B, which eluted between 0.06 and 
0.1 1 M NaCl, and endogenous precursor IL-1B which eluted between 0.12 and 0.18 M 
NaCl. 

2. The pooled active fractions from the DEAE column were diluted in 50 mM 
potassium phosphate buffer, 5 mM dithiothreitol, pH 7.0 ("buffer B"). A 14 x 3 cm 

30 column of hydroxyapatite (HA Ultrogel. IBF Biotechnics) was equilibrated with buffer B. 
The diluted fractions were applied to the equilibrated hydroxyapatite column at a flow rate 
of 60 ml/hr. The column was washed with 2 column volumes of buffer B and then eluted 
with a linear gradient (4 column volumes) ranging from 50-200 mM potassium phosphate. 
Fractions were collected as 10 ml volumes, analyzed for IL-1B pro activity, and stored for 

35 further purification. Dv- IB pro eluted between 0.085 and 0.1 1 3 M potassium phosphate. 
Forty percent of the contaminating polypeptides eluted before the protease and 40% eluted 
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later than the protease. Further, endogenous mature IL-lfi eluted between 0.05 and 0.08 M 
potassium phosphate. 

3. A 20 x 1.6 cm Blue Agarose column (Gibco-BRL) was equilibrated with buffer 
A. Fractions from the hydroxyapatite column with activity were diluted 1:3 in buffer A to 

5 reduce ionic strength to <30 mM. This was necessary in order to allow IL- 1 B pro to bind 
to the column. Diluted fractions were applied to the Blue Agarose column at a 30 ml/hr 
rate. The column was washed with three column volumes of buffer A. The proteins were 
eluted with with five column volumes of a linear gradient ranging from 0.1 to 1 M NaQ in 
buffer A. Ten ml fractions were collected, analyzed for IL-1B pro activity and stored for 
10 further purification. 1L-1B pro was ehited with 0.5 to 0.68 M NaQ. Eighty percent of the 
contaminating proteins were removed in this step, with 20% during earlier and the 
remaining 60% remaining bound to the column. 

4. A 95x2.5 cm Sephadex G-75 column (Pharmacia Fine Chemicals) was 
equilibrated in buffer A and initially calibrated with ferritin (MW 400,000), ovalbumin 

15 (MW 43,000), soybean trypsin inhibitor (MW 20,000) and DNP-asparric acid (MW 300). 
The Blue Agarose column fractions containing protease activity were pooled and 
concentrated on a Centriprep-10 concentrator (Amicon) to a volume of approximately 2 ml 
and then applied to the Sephadex G«75 column. Proteins were eluted with buffer A at a 
flow rate of 20 ml/hr. Four ml fractions were collected and the fractions containing 

20 protease activity were pooled for further purification. IL-1 B pro activity was eluted with 
between 196 and 220 ml. This position is identical to the elution position of soybean 
trypsin inhibitor, which suggests that human IL- IB pro has a molecular weight of aboul 
20,000 daltons. This step removed over 90% of the contaminating proteins from the 
preparation. Thus, through the Sephadex step, more than 99.8% of the starting protein 

25 contaminants have been separated from IL- IB pro. However, PAGE (polyacrylamide gel 
electrophoresis) analysis of the fractions still revealed several protein bands that did not 
correlate with IL-lfi pro biological activity. 

5. Fractions from the Sephadex column which contained protease activity were 
pooled and the pool was concentrated on pretreated Centriprep 10 Concentrators to a 500 \i\ 

30 volume. Since protein concentration of the Sephadex pool was low (<30jig/ml), 
pretreatment of the centripreps with bovine serum albumin reduced loss of IL-1B pro 
activity during concentration. Extensive washing of the treated centripreps prior to use 
prevented contamination of samples with albumin. Pretreatment was accomplished by 
centrifuging 15 ml of 1 % bovine serum albumin (BSA) in centripreps for 30 min. 

35 decanting the remaining solution, and washing with 10 mM Tris-HCl. A Mono P5/20 
FPLC chromatofocussing column (Pharmacia Fine Chemicals) was equilibrated with 25 
mM Tris-acctate and 5 mM dithiothreitol. pH 8.3 buffer. The concentrated solution was 
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mixed (1:1 v/v) with 500 of 25 mM Tris-acetate and 5 mM dithiothreitol, pH 8.3 and 
applied to the Mono P5/20 FPLC column. Proteins were eluted with Polybuffer 
96:Polybuffer 74 (3:7) pH 5.0 (Pharmacia) at a 15 ml/hr flow rate. One ml fractions were 
collected and analyzed for pH and biological protease activity. This chromatofocusing step 
5 increased the purity of IL-1B pro a further 100 fold and allowed for the visualization of a 
single protein band that correlated with IL-1B pro biological activity. XL- IB pro was eluted 
off the chromatofocusing column between pH 6.95 and 6.70. The fractions were 
concentrated on BSA-pretreated Centricon 10 Concentrators (Amicon) from 1 »il to 50 pj. 
6. The fractions were subjected to electrophoresis on a polyacrylamide gel 
1 0 (PAGE); followed by electroblotting onto polyvinyl difluoride membrane paper (PVDF. 
Millipore lmmobilin-P®) at 300 mA for 30 min. The PVDF membrane was stained with 
Coomassie Blue. There were five major bands with molecular weights of approximately 
45.000, 43,000. 36.000, 22,000 and 18,000 daltons. The 22,000 dalton band correlated 
with 1L- 1 B pro activity and was sequenced. 
15 The N-terminal sequence of the 22,000 dalton band yielded an amino acid sequence 

described herein. A mature human IL-1B pro cDNA or an active fragment thereof was 
cloned using this N-terminal amino acid sequence and a three-stage polymerase chain 
reaction (PCR) procedure. In the first stage PCR procedure, fully degenerate PCR primers 
were designed and made from the N-tsminal amino acid sequence. The degenerate 
20 primers were used to amplify IL-1B pro-specific sequences from a cDNA library prepared 
from THP-1 cell mRNA. A random primed first strand THP-1 cDNA library was 
constructed according to supplier instructions (Amersham). A mixed oligonucleotide 
primed amplification was carried out according to the procedure described in Lee et al. 
"cDNA Cloning Using Degenerate Primers" in PCR Protocols (Innis, Gelfand, Sninsky 
25 and White eds.) Academic Press. Inc. New York pp. 46-53 1990. Primer #1 was 

designed to cross-hybridize to IL-1B pro DNA (nucleotides 1-17) and contain an £coRl 
restriction site. Primer #1 (Sequence ID No. 3) had the sequence: 

5-GTCGAATTCAA{T/C)CCNGCNATGCCNAC-3' 
Primer #2 was designed to cross-hybridize to IL- IB pro DNA (complementary to 
30 nucleotides 31 -47 and contain an Xbal restriction site. Primer #2 (Sequence ID No. 4) had 
the sequence 

5'-GTCTCTAGAAG(T/C)TTNAC(A/G)TTNCC(T/C)TC-3' 
PCR amplification was performed with thermits aguatius polymerase (Pcrkin-Elmer 
Cetus) in 100m of buffer for 30 cycles as described in Lee et al. infra. A 63 bp amplified 
35 fragment was obtained from PCR amplification. This amplified fragment was subcloned 
into a pGenv4 vector (Promega). DNA sequence analysis of 10 isolates indicated that this 
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fragment encoded the nm 1 6 amino acids of the N-tominus of 1 u- 1 B pro as detemuned by 
purification and N-termiml sequence analysis. 

The second stage of the PGR procedure made Primer #3 composed of nucleotides 
1.17 (Figure 1) and a hlot\ restriction site and Primer #4 containing 20 T residues and a 
5 Nail restriction site. Primers W3 and #4 were added to the THP-1 cDNA library described 
above and PCR amplified for 6 cycles at WC for 1 min, S0*C for 1 min, and 72*C for 1 
rain, and for 24 cycles at 94*C for 1 min, 60*C for 1 min and 72 # C for 1 min. Southern 
analysis of Ihe PCK amplified clone using a 17 base oligonucleotide probe (complementary 
to nucleotides 16-32 in Figure 1 ) found a band at approximately 1000 bp that was also 
if) found to possess IL-lfS pro biological activity. The 1000 bp DNA was gel purified, 
subjected to a similar second round of PCR and subcloned into pGcm-5 for sequencing. 
The nucleotide sequence of this clone Is shown in Figure 1. 

In the third stage of PCR cloning, full length IL- 16 pro olones were isolated from a 
cDNA library prepared from pheriphend blood neutrophils. We found thai neutrophils 
15 expressed 1L»1£ pro mRNA. We isloated two clones (p48 and p214) with IL-1B pro 
specific insens of 1367 and 13G0 base pairs, respectively. The DNA sequence shown in 
Figure 1 is a composit of all the IL* IB pro clones. The amino acids encoded by all of the 
IL-1B pro clones we found were identical. 

11^ IB pro cDN A is approximately 1373 base pairs in length, including a stretch of 
20 A nucleotides corresponding to the poly (A) tail of mRNA. These A residues are preceded 
by two polyarienylarion signals, AATAA, at 1 3 16 and 1 335 base pair. The sequence has 
an open reading frame of 404 amino acids, starting with an initiator Met codon at nucleotide 
1 8 and ending with a termination codon at nucleotide 1230. Initiation of translation could 
also begin with an in-frame Met codon at nucleotide 66. Both initiator Met codons have 
25 consensus Kozak translation initiation sequences. Polypeptides initiated with the Met 
residue at position 51 also have biological activity. 

IL-1B pro is a cytoplasmic enzyme. As the purified enzyme N-ierminal amino acid 
is Asn (120), the protease undergoes N-terminal processing resulting in removal of 1 19 
amino acids or 69 amino acids if the alternate initiator uxlon is used. Deletion analysis has 
30 indicated that at least 1 07 amino acids are removed from the C-terminus. However, it 
appears that the fuD C-tcrminus is necessary for proper folding of the protease before 
approximately 107 C-terminal amino acids can he removed to insure biological activity for 
the protease. 

Exprewnn pf Rwm hinant T1^1R]>tt^ 

35 The DNA sequence shown in Figure 1 was expressed in a mammalian cell (e.g., 

COS-7 cells). For mammalian cell expression, synthetic oligonucleotide primers were, 
made to amplify the entire coding domain of IHB pro. The 5' primer (5'- 
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ATATCGGTACCGCCTCCACC^TCCCrCCOOCAATOCCCACATC-3-) contains an 
Am718 restriction site and an initiator Met residue fused to the N-texmtnus of the enzyme 
(nucleotides 1-20). The 3' primer (5*- 

CTOCTAOATCTOCCCGCAOACATTCATACAG.3') contains a «$12 restriction site and 
5 is complementary to nucleotides 883-902 of Figure 1. The PCR generated fragment was 
ligatcd into pDC303 mamraalum vector, as described In Mosley et al. Cell 59:335-348 
1989. 

Human 1MB pro is preferably produced by recombinant DNA techniques. A 
recombinant DNA expression system inserts a clone encoding human IL- IB pro 
1 0 polypeptide or a derivative thereof with biological activity into an expression vector. The 
expression vector is inserted into a host cell. The host eeffs protein synthesis machinery 
synthesizes the recombinant human IL-lfl pro polypeptide. 

Suitable host cells for expression of mammalian 1L-1B pro polypeptides or 
derivatives thereof inolude prokaryotes, yeast or higher eukaryotic cells under tiie conuul of 
15 appropriate promoters. Prokaryotes include gram negative or gram positive organisms, for 
example £. coti or bacilli. Suitable prokoryotic hosts cells for transformation include, for 
example. E. coll. Bacillus subttlts. Salmonella typhimurium. and various other species 
within the genera Pstudomonas, Strcptomyces, and Staphylococcus. Higher eukaryotic 
cells include established cell lines of mammal! an origin as described below. CelNfree 
translation systems could also be employed to produce mammalian 1L-1B pro polypeptides 
or derivatives thereof using RNAs derived from the DNA constructs disclosed herein. 
Appropriate cloning and expression vectors for use with bacterial, fungal, yeast, and 
mammalian cellular hosts are described, for example, in Pouwels et al. Cloning Vectors: A 
Laboratory Manual. Elsevier, New York. 1985. 
25 When an IL-lfl pro polypeptide or derivative thereof is expressed in a yeast host 

cell, the nucleotide sequence (e.g.. structural gene) that codes on expression for an IL- IB 
pro polypeptide or derivative thereof may include a leader sequence. The leader sequence 
enables improved extracellular secretion of translated polypeptide by a yeast host cell. 

Alternatively, in a prokaryotie host cell, such as E. coli, the IL-lfl pro polypeptide 
or derivative thereof may Include an N-terminal methionine residue to facilitate expression 
of the recombinant polypeptide in a prokatyotie host cell. The N-tcrminal Met may be 
cleaved from the expressed recombinant IL- 1 B pro polypeptide or derivative thereof. 
Moreover, prokaryotic host calls may be used for expression of IL-1B pro polypeptides or 
derivatives thereof that do not require extensive proteolytic and disulfide processing. 

The recombinant expression vectors carrying the recombinant IL- IB pro structural 
gene nucleotide sequence or derivative thereof are transfected or transformed into a 
substantially homogeneous culture of a suitable host microorganism or mammalian cell 
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v ^oles of suitable host cells include bacteria such as E. colt, yen* as 5. 

ZU . idesoble marker of tawerUl «n|» *n««l *™» comneimllr •«"" 

Fine Chemicals. Uppsala, Sweden) and potM i inoraw „ 
Lnarer sequences am commonly used for recombinant prolaryonc host cell 

281-544, 1S79). trypwphm (op) promoter sysitm (Ooeddel et d, Nm ^ cua " 
W^r, Moutfl. 0,11 Sprms Itaoor Uboraory. P- 412 1982). 

^2^»£.«i.«»»'MB9(ATCe370M,)»apPlx2.<r B » ta . t u 1 £.c./. 

^^M^^( AM ),.p ro ^^".^f« 
JJ po.,«l«.yUO». »od «,««» te <™*V™ ^'^l"". 
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iccinn 1980) ur other glycolytic enzymes 

re prouiW. A0H^ promoter and «~ lM , )lirfB «i«reta(N«« 

£L * « * * f^^'^ «*. 
J0WM.MW- The ycut .-hoot ^ Mrwe „, ,)« oromo«r 

n.cdifioinarwye"*"" 0 - 1 " o»c or 
selccove n»oiun> coibbb of 0.S7* ^"™°» 

termination sequences. 
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— -fPZS^SZZZZ* sequences 
(jenved (rem ok » .„._.»i.uiedu>im>vKte1'eoiiier8eiiene 

Further. mammalian genomic IL-lo pro P™ chosen. 
Exemplary vcaoo can be consmictcd to cuswww j 
5:280,1983). _ 

culturing transformed host cells unow Dolypcpddes are purified from culture 

^oreellexoee". ~" n T*^ wclltaIt „dU. T*eJW0|«o|»<yJ«P'«" 
„ aal«i« thereof u eo*a«irf «»l Following <he . 

insoluble matrices comprising suuopivyj 

» preferred. lias6 hign performance liquid chromatography <RP- 
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combination*, uin also be employed to provide a homogeneous recombinant protein. 
Alternatively, tome or all of the steps used in the purification procedure described herein 
can also be employed. 

Recombinant polypeptide produced in bacterial culture is usually isolated by initial 
5 disruption of the host cells, extraction from cell pellets if an insoluble polypeptide, or from 
the supernatant if a soluble polypeptide, followed by one or more concentration, salting- 
out, ion exchange or site exclusion chromatography steps. Finally, reverse phase high 
performance liquid chromatography (RP-HPLC) can be employed for final purification 
steps. Microbial cells can be disrupted by any convenient method, including freere-tnaw 
10 cycling, sonicatlon. mechanical disruption, or use of cell lysing agents. 

Transformed yeast host cells will generally express 1L-1B pro polypeptide as a 
secreted polypeptide. This simplifies purification. Secreted recombinant polypeptide from 
a yeast host cell fermentation can be purified by methods analogous to those disclosed by 
Urdal et al. (/. Chronuuog. 296:171. 1984). Urdal et al. describe two sequential. 
15 rcvened-phase HPLC steps for purification of recombinant human IL-2 on a preparative 
HPLC column. 

Adminismmnn Of n -1R nm Pnlvwp^ Bn d Denvtiv* r 0 trmrwtj ft m 

The present invention provides methods of using merapeudc compositions 
comprising an effective amount of IL-1B pre polypeptides and derivatives thereof in o 
20 suitable diluent and earner. Txn therapeutic use, purified IL-lflpro or a biologically active 
derivative thereof is administered to a patient, preferably a human, for treatment in a 
manner appropriate to the indication. Thus, for example, IL-1B pro compositions 
administered to suppress autoimmunity can be given by bolus injection, continuous 
infusion, sustained release from implants, or other suitable technique. Typically, an 1L- IB 
25 pro therapeutic agent will be administered in the form of a pharmaceutical composition 
comprising purified polypeptide in conjunction with physiologically acceptable carriers, 
excipiems or diluents. Such carriers will be nontoxic to patients at the dosages and 
concentrations employed. Ordinarily, the preparation of such compositions emails 
combining 1MB pro with buffers, antioxidants such at atenrhic acid, low molecular 
weight (less than about lOresidues) polypeptides, proteins, amino acids, carbohydrates 
including glucose, sucrose or dextrans. chelating agents such as EDTA. glutathione and 
other stabilizers and excipients. Neutral buffered saline or saline mixed with conspecific 
serum albumin are exemplary appropriate diluents. 

The pharmaceutical compositions of the present invention include one or more of the IL- 
1 B pro inhibitor compounds of this invention formulated into compositions together with one or 
more non-toxic physiologically acceptable carriers, adjuvants or vehicles which are collectively 
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■ «. fnr rml ndtrunistrauon to solid or liquid 

TO « composing ^» teBtonrf ^ 0B ^ i « n ,s«„b e 

35 be d^-, in <*-* PWS ' 

Solid oumf fo"™ oral utau ™ 5 " mmol , llii , tdnl i»«lwith«l.«t™«ln" 1 

bcnionitc- md CO lubricant*, as for cxamp 
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polyethylene glycols, sorimmuay] ro if ale e,.^ 

. , ... . . 7 mixtures tnercor. In the case of capsules, tablet* 

and puis, the dosage forms may «!«, comprl* buffaing agentt * 

Solid oennposidons of « similar rype may also be employed as fillers ,n soft and hard- 
5 weight polyethyleiieglycoU. and the like. nioietuiar 
Solid dosage forms such as tablets, dragee capsules, pills and granules can be 
prepared w«h coatings and shells, such as enteric eoatinp end others well known in this .„ 
ntcy may contain opacifying .gems, and can also be of such composition that they release the 
aenve compound or compounds In . certain pan of the intestinal net in a delayed manner 
10 Examples of embeddmg compositions which can be used are polymeric substances and waxes 

or uJ^^Z COmPOUnd - T *° ^ ta miCr " CnC,pSUlltad *«• * "«h one 

or more of the above-mennoned excipients. 

Liquid dosage forms for oral administration include pharmaceutical]? acceptable 
emulsions, solutions, suspensions, syrups and eiixw. In addition to the active compounds, the 

I * liquid dosage forms may contain inen diluents commonly used in the an. such „ water or other 
solvenu. solubillzlng agent* and emulsifiers, a* for example, cthyl alcohol, isopropyl alcohol, 
ethyl carbonate, ethyl acetate, benryl alcohol, benzyl benzoate. pmpyleneglycol. U- 
butyleneglycol. dimemylfomamide, oils, in particular, cottonseed oil, groundnut oil, com germ 
oil. olive oil. castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol 

0 polyemylcneglvcols and fatty acid esters of sorbitan or mixtures of these, ubstances, aud the 

Besides such inert diluents, the composition can also include adjuvants, such as weuin, 
agent,, emulsifying and suspending agents, sweetening, flavoring and perfuming agents. 

Suspenses, in addiuon to the active compounds, may contain suspending agents, as 
> for example, ethotytated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan ester, 
nucrocrystalline cellulose, aluminum mctahydroxide. hemonite. agar-agar and tragacanth 'or 
mixtures of these substances, and the like. 

Compositions for rectal admiiustnidons are preferably suppositories which can be 
prepared by mixing the compounds of the present invention with suitable non-irritating 
exacts or carriers auch as cocoa butter, polyethyleneglycol or a suppository wax. which are 
solid a ordinary temperatures but liquid at body temperature and therefore, melt in the rectum or 
vagmal cavity and release the active component. 

Dosage forms for topical administration of a compound of this invention include 
ointments, powders, sprays and inhalants. The active component ts admixed under sterile 
conditions wiU, a physiologically acceptable carrier and any needed preservatives, buffers o, 
prnpellanua^ may be required. Ophualmic formulation, eye ointments, powders and 
soluuons are also contemplated as being within the scope of this invention. 
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H» compound, of the present invention can .ho be administered in the form «f 
lioowmM As isknown in the an, liposomes ire generally derived from phosphohptds or 

liposomes, m » i~ ro ulri-tamellar hydraied hqtud 

oulcru pidaubstances. U^mes « fon^ by r»n. « mvd fi 
that are dispersed in an aqueous medium. Any non-toxic, pnyswwg 7 » 

ZZ* torn, ■» » «> IU46 pio inhibilinj con,<»md. 01 <M pKMl 

aUtoa. Ed. by PMCOK. Volun* MV. A«uta»i= Pl». N.« York. N.Y.. p. 33 « «... 

^ofbc^y^ ^...n^c^po^^y-^.^^"^* 

w J^ P l M <h«^«m.yb««<d»»^^^^' r ^ bw,1,u,,,,,te ' ,<,,,,1 • 

Z«**x>L »d «a««. w* — **■ - — * of 

onmcular disease being treated. 

The following examples are for the purpose, of Ulustradon and not by way of 

linutabon. 

EXAMPLE 1 

*I ;~Z VC a group of amino add sequences. A variery of pepdde substrates 
' ^ * T^Zl in individual amino adds in the region corresponding to 

were prepared featunng C ^"J"^ Thcrcac nvny of the 

<hecleavage,ite*h^ 

pepdde subtle! was ecprasai rc!?. ove w w "» 

of the precuraor 1MB sequence. (Wenineld 7. Amer. 

5 Subsnate peptide* were synthesned by wUfl P ^ syntnesiIcl 
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1985). ^Methylb^zhy^lanune^nw^u^. Tbc 

pn™^vagefm mreii ^ yU ^ 

C ^.JmxlSancolumn. Trifluoroacctic .eld (0.,*) in water was ^ivcnt A and 
0.1% mfluoroacenc add in acerommie wis solvent B for the mobile phases 
11* punfied ^ chmci£rl2al by ^ k . 6 

10 e^Jr^T^ CandntttSPeCff0TO&y - ^'^™btaJd h y 
glyecmVtboglycerol (l:l)as Sample matrix or by 232* plMraa dwerpdoJ1 ^ 
comedy on a Bio-Ion 20 mass spectrometer (Sec Twbopoulos P<pn* *„. 2:258-66 
1989) In each ease, the mass of the observed peptide substrate corresponded with the 
theoretical value. 

15 Peptide solutions of standard concentration were prepared by dissolving about 2-3 

mg of peptide substrate in water, loading the solution onto . Water. Scp-Pak C18 cartridge 
and washing three times with 5 ml of water The peptide substrates were aimed with 
auetonhiile and then evaporated to dryness. Bach substrate was standardized to 1 mM by 
amino acid analysis prior to use. 

20 r^hinriMlL.lBproenz^^ w.tcr(10nl) and 10 

mM ms buffer, pH 8.0 containing 25% v/v glycerol (10ul) were mixed and the mirmres 
were incubated at 37*C for four hour*. The reaction was quenched with by adding 1 M 
glycine/HCl buffer pH 2.0 (lOuJ). The sample, were then analyzed using RP-HPLC with 
a Vydac CI 8 column (0.46 cm x 25 cm) and eluting with a linear gradient from 100% 

25 ^en,Ato70%^ve„tA^0% w ,vcntDovcr30nunat.nowrate O fim./m,n. The 
effluent was morutorcd at 280 nm except with digestions of AcVHDAPV-NH, and Ae 
HDAP.NH2 <**e Example 2) which were monitored at 220 nm In U,e case of substrate 
pepode, cleaved by the protease, consumption of substrate peptide was observed together 
with formanon of, 280»m absorbing product A comparison of peak are. of product 

30 pepnde to that of tout! peak area of substrate and product yielded the extent of peptide 
cleavage, because the area under the combined substrate and product peak, was constant 
and utdependent of the amount of cleavage by the IL-lfl pro enryme. Identities of peptide 
product peaks were confirmed by amino acid analysis and by mass specuomctry 

Table 1 shows the relative reactivities of a series of eight peptide substrates that 
35 woe subject to digestion by purified 1L- IB pro enayme. 
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TABLE 1 






Peptide 


Seouenoe 


Reactivity reiarive 


5 






if wptidfcl 




1 


AYVHDAPVRS 


1.00 




2 


AYVHNAPVRS 


<D.01 . 


10 


3 

• 


AYYIIEAPVRS 


<0.05 




4 


AYVH(D-Asp)APVRS 


<0.01 


15 


3 


AYVHDGPVRS 


3.40 




6 


AYVHDVPVRS 


<0.05 




7 


AYVFDAPVRS 


0.50 


20 


8 


AYVHDAAVRS 


0.47 




The cleavage die can be described with the corresponding human precursor IL-lfl 
amino acid residues as follows: 
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P2 PI P1'H2' 
His-Asp-Ala-Pro 

Changing the L-sspanic add residue of pepdde 1 to either ssparagine (peptide 2). gluumic 
sad (pepnde 3) or D-espaxute (peptide A) has a profound effect on the ability oflL-lB pro 
d eleave the substrate. These data establish the requirement of anL-aspanate residue in the 
PI position for this enzyme to be able to cleave a substrate. 

Peptides 5 and 6 represent changes in the PI' position Of the human precursor fl_- 
ClCmge R< * ,acin « *" Bine tfycine (peptide 5) results in a substrate that is 3 4 
umesmarereactivethanpcpridel. However, changing the same residue to „ valine 
peptide 6) effectively prevents proteolytic cleavege. The feet that with a glycine residue in 
PI ^PepBde is cleaved more readily suggests tiuu the danine residue in human precursor 
* J**** * ™ criticd for substrate binding. whUe die result with a valine residue 
» the PI posttion indicates low steric tolerance at the PI' position. Hus. it seems 
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*. ™ Jri pep** 1 » » to >W • «*«» « m C "' VCd * hU,M " 

Z Z F» «* tof « to* » M FPU* wi* to IWi -« > "to- A 
aajbrnnliwuotol when the hWii«t«f P«P*I« 1 ««>«Pl««* «"» « 
otenylto. Th*» dm thi! tarn E--1B p*> *n*yn* tota>t« cmxmu.c 

as the amino acids at the PI and PI' posinuna. 
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EXAMPLE 2 

This example Ulusmues the effect of substrate peptide length on the ability of human 
n.lBproenzytnetod^vepcptidesubstratcs. The experiment was conducted as 
descried in Example 1. Bv substrate peptides were made that corresp«* to theamino 
acid sequence of the II.- IB pro cleavage site of human precursor IL-lfl. The results are 



shown in Table 2 below 

Table 2 



jVptide 


farm en ce 


Reactivity relative 
to peptide 1 


1 


AYVHDAPVRS 


1.00 


9 


EAWHDAPVRSL 


0.74 


10 


YVHDAPVR 


M9' 


11 


VHDAPV 


Not cleaved 


12 


HDAP 


Not cleaved 



Theeightaminoacidpc^^ 

efficiendy while the four and * amino acid peptide, are not cleaved. Thus 1MB pro has 
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EXAMPLE 3 

Synthesis of n .in P r[mr fnhtiriirm 



2 k « «. tetstperKure. Atom 10) ml teaeette wis added to the se**™ mt,JT\J 
orjmie solution wis washed with IN Ho y en ^ B * taon ""nm. IJte 

10 smmted N.C1 C X JO TtT *Z* PXSOml), N.HCO3 (2 X » „ d 

^TeT^ 7™""^^^'""- ^^"i'w-swliedto.JJX 

dissolved tn trifluoroacetic acid (TPa\ mwu* ,u • y 
2TC Cold sMheZT u r } ttlUture $dned for ■•«« * minutes at about 

salt The deprotccted peptide may then be cn„pied to a protected amino acid (i e *» hi ™ 
Boc-ProOH. Boc-TyrOH, Boc-PheOH. 1 « ^ ( Bot - Hl!iOH - 

employing dicycJoh^lea^ 7 ' ^ 
mpjoymg dtcycJohcxylcarbodiimtde as a coupling reagent Bodanszky. supra . 

The Boe protecting group may be removed from the compounds made in aeco«W 
w«h the medtod of Example 3B using t^uoroacetic acid as described . bT p TI 
« ^ then be Wlth ^ 

30 according to standard techniques. Smart « al. JMprfl . Py P1AE) 
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EXAMPLE 4 

Ba-Alp-CHj* W ^ „ .Weil BocA^CHjF «„ pr*p«<i 

10 10 pro (15-« Cf*" 1 » PBS) , ^ t " c " u ~ u buBw . PMSF 

cenee,™* ». 'W^*^, gtl , to geU were P»«° i. 
, j SDS-PAQE «•» end «t '» . „ 'jo* v/v Mtael). and paw* 

pH 7.4 (PBS) * for nature IL-1810 probe the blot MAbwes 

» We u** e — ^SttLb^ - conea-ed to 30 * *. 

S Ldi»»10tlll0fTn»-b.B«o«tae>- 
"^^llTltc A^CbjF comply lahibi* ** P*™" * «-« 

mature IL-1D « a concentration of 1 ^M- 



EXAMPLE 5 
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, *iiu»mtes biological activity of IL-IB pro when tr-nsfected into COS 

irrllfl^ftcr two day,, cells were radiolabeled with 35 S and 1MB specthc 
precursor lL-lQ. After two oay . immunoptecipitates weie 

proteins were immunoprectpluted from ceU lysaKS. ^ COS-7 cells can 

^ by SDS-PACE and -—J*" * ^ccted with a 

process precursor E-.1B to nature IL-IB only « tne cc 



wo 9M$sn 

^ PCT/US91/02339 

? ^^ ,t \ nrm C '""^=«'-*.con TO lpte»do,« 1 , tlMck 

»«|n--rlUl». 7to.lL.Wp™ fcTL 
N-ieraunal 119 amino acids nwhiM ^n, ~ "» pro. iaaii K the 

U.« protein. 10 9100033 P™™*^ » the matmr. fonn of 
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(Xi) SEQUENCE. DESCRIPTION: 5SQ ID HOsll 

Met Ala Glu Vel Pro Glu Leu Ala ser Clu K«t Met Ala Tyr Tyr Ser 
1 . 5 10 IS 

Sly Asa Glu Aep Asp Leu Phe Phe Clu Ale Asp Cly Pro Lye Cln Met 
20 25 30 

Lye eye Ser Phe Cla Asp Leu Asp Leu Cye Pro Leu Aep Cly oly lie 
35 40 45 . 

Cla Leu Arg lie Ser Asp Bis file Tyr Ser Lye Cly Phe Are Cln Ale 

50 ' 55 60 

Ale Ser Vel Vel Val Ala Met Aep Lye Leu Arg Lys Met Leu Vel Pro 
65 70 75 80 

Cys Pro Gia Thr Phe Cla Clu Aea Asp Leu Ser Thr Phe Phe Pro Phe 

. • . 85 80 95 

He Phe Glu Clu Clu Pro He Phe Phe Asp Thr Trp Asp Aea Clu Ale 

100 . • ' 105 ~ no 

prr Vel Bis Asp^Ale Pro Vel Arg Ser Leu Asa Cys Thr Leu Arg Asp 

ser Cla Cla Lye Ser Leu Vel Met Ser cly Pro Tyr cla Leu Lys Ale 
130 135 140 

Leu Bis Leu Cla Cly Cln Asp Met Clu Cla Cla" Vel Vel Phe Ser Met 
145 «0 lSF 160 

Ser Phe vel Cla Gly Clu Clu ser Asa Asp Lys lie Pro v*l Ale Leu 
165 170 175 

Cly Leu Lye Glu Lys Asa Leu Tyr Leu Ser eye Vel Leu Lys Asp Aso 
180 . 185 ISO 

Lys Pro Thr Leu Cla Leu Glu Ser Vel Asp Pro Lys Aea Tyr Pro Lye 
195 200 . 205 

Ly * £H' Mwt Glu Phe Vel Phe Asa Lys He Clu He Asa Asa 

210 215 220 

Lys Leu Clu Phe clu Ser Ale Gin Phe Pro Aen Trp Tyr He ser Thr 
225 230 235 240 

Ser Cln Ale Clu Aen Met Pro Vel Phe Leu Cly Gly Thr Lys Cly cly 
245 . 250 255 

Cln Asp He Thr Asp Phe Thr Met Cln Phe Vel ser Ser 
260 265 
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(ii) MOLECULE TYPE: cDHA 
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(nil CtQUIKCI MBCRIPTIONi 3rQ 10 NOi2i 
AAfcACGAOAO AAAAOCCTAA JLAOACACTOC OTACATOOCC 
GAGAAAGCTO TTTATCCGTT CCATGCOTOA ACCTACAATA 
GAAGGAAATA CTOOATCAAT TATTACAOAC AAGGGTGCTG 
ACTAAAAOOT CAAAATOCTA CAOTTTATAO AAAAGAAOAA 
CCTTTCATTG ACTCCOTTAT TCCCAAACCO OCACACCOAT 
CCGATAACTG AAA6T0ATAA TTTCTOAAOA AOACACTTAC 
CTCAOCAOAT CAAACATCTG OAAATTACCT TAATTGAOGA 
ACTCTCAAOO AOTACTTTCT TCCTTTCCAO CTCCTCAOQC 
TCCCCACACO CAACOOAAOA OTOAATOCTC AOOCTCAOAA 
CCTACAAOAA CCTCAAACCA TATCGAAACA AAACTCCGCA 
TTTATCCAAT AATGOACAAO TCAACCCCCA CACOTCTTCC 
AATTTGACAG TAGAGTGAAG AATOTTTGAG TAATTCCTAG 
ACATCAQACG GATCACAATG CTOCTACAAA ATCTOOOGTA 
AAAAGCGATO TGAAAAAAAA TCTCACTCCT TCCOACATOA 
OCACACCOCC CAGAOCACAA OTATATOACC CCCCACCTCT 
CATOTCTCAT OOTATTCGGG AAGOCATTTO TGOOAAGAAA 
ACACAAOTCC CAGATATACT ACAACTCAAT OCAATCTTTA 
TCCCCAACTT TOAACCACAO AACAOOAOAA TAAOAAACCO 
CTOCCOTCCT OACAGCCCTG 6TGTGGTGT0 CTTTAAACAT 
AAAGGTTTCT OOAAACCTAT CTTTACCAAC TACACAAGAG 
OAAACCCCAC ATAGAOAAGA AACTAAATAG TTOAGATTTT 
ACCAGATAAT OTTTCTTOGA OACATCCCAC AATOGGCTCT 
CAAOOAGAAG OCAAOACTCA TTOAACATAT CCAAOAATAT 



CACAACCTCC 
AATOOCTTAA 
AACAAQGAAO 
COCTTATCGA 
GCCAAATTT9 
CTCOCACGGA 
AAGAAAGAAA 
AGTGCAGGAC 
OOOAATGTCA 
GTTAACTAOA 
TCTCATTATC 
AAGAACTGGA 
CAGCOTAAAA 
OTACAGAOCT 
CACACCACOT 
CACTCTOACO 
ACATOTTGAA 
AAOOTOATCA 
TCACTAGGAA 
TTTOACCATG 
ATCGCTTTCT 
CTTTTTATTO 
6CCT0TTCCT 



TGAAOGAOAA 
CCTACAAOCT 
ACATCGAOAA 
TAAOACCCOA 
CATCACATAC 
COCTCCCACT 
ATTATOCAAG 
AACCCAOCTA 
AOCTTTOCTC 
ACACCAGAOA 
TCCAATCAAC 
CCTCACCTTG 
TAAATTTCGA 
OOAOOCATTT 
TCCTCCTOTT 
AAOAAAATAT 
TACCAAOAAC 
TCATCCAGGC 
OATTCGOAAA 
ATCCTATTAA 
OCTCTTCCAC 
AGGTGGTAAC 
OTOATOTGOA 



60 

120 
180 
240 
300 
360 
420 
460 
540 
600 
660 
720 
7*0 
640 
900 
960 
1020 
1060 
1140 
1200 
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COAAATTTTC eceAACCTTC CATTTOOAGA QAAGTTTOAO ATTACCTTCA TTTOAOCAOC 
CAGATOGTAG ACCCCAOATO CCCACCACTO AAAOAOTOAC TTTGACAAOA TOTTTCTACC 

TCGTTCCCAG OACAXTAAAA TAACCAAACT OTATOAATOT CTOCOOOCAO QAAOTGAAGA 

CATCeTTCTC TAAAAOOTTT TTOGAATTAT OXCTOCTOAA TAATAAACTT TTTTTGAAAT 

AATAAATCW OTAOAAAAAT CAAAAAAAAA AAAAAAAAA 

(2) INFORMATION Ton StQ ZD MO»3i 

(i) SXQUZHC* CHARACTERISTICS! 
(A) LENGTHi 34 b*»« p 4 ir« 
(D) TYPEi nuclGic acid 

(C) 3TRANDEDNESS! uLnalm 

(D) TOPOLOGY i Unttr 

(U) XOLXCOtt TYPE! cfiKA 
(ill) HYPOTHETICAL! N 

AKTi-amati * 
(vi) original source < 

(A) OROANISMi FRIKER #1 

(Xi) SEQUENCE DESCRIPTION I «« 10 K0l3t 
GTCOAATTCA AYCCNCCNA? GCCNAC 
(2) IWORKATIOlf FOR 5EQ ZD K0j4s 

(i) SEQUENCE CHARACTERISTICS 1 

(A) LENGTH t 26 b*.* pai„ 

(B) TYPE! nuciaic acid 

(C) STRANDEDNESSt fine la 

(D) TOPOLOGY, lifter * 

(11) HOLECULE TYPEl eDNA 

(1U) 1ZYP0THETZCAL I N 

(iv) ANT2-6SKS8, N 

(Vi) ORIGINAL SOUR«i 

(A) OROANZSHt FRMEk $2 



1440 

1500 
1560 
1620 
1659 



24 



(XI) SEQUENCE DESCRIPTION. SIQ 2D KOl «, 
CTCTCTACAA QYTTNACRTT NCCYTC 
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WHAT IS CLAIMED IS: 

1 An isolated polypeptide having protease nctivity for 2 specific protease 
cleavage rite, wherein the protease activity is specific for a substrate peptide having an 
5 amino acid sequence comprising: 

Rl-Asp-R2-R3 

wherein Rl and R 3 are independendy any DorLisomer amino acid. R 2 b Ala or Gly.and 
wherein the specific proteose cleavage site is between Asp and R* 

10 2. The isolated polypeptide of claim 1 wherein the substrate peptide is at least 

eight amino acids in length. 

3 An isolated IL-1B pro polypeptide having IL-1B pro activity and encoded by 
a DNA sequence is selected from the group consisting of the nucleotide sequences in 

15 Rgure 1 beginning at nucleotide 1 and extending to nucleotide 1232. beginning « 
nucleotide 374 and extending to nucleotide 1232, beginning at nucleotide 374 and 
extending to a nucleotide from about 851 to about 962. DNA sequences which detectahly 
hybridize to the Rgure 1 sequence from nucleotide 1 to nucleotide 1232 and encode a 
polypeptide displaying biological activity to proteolyiically cleave human precursor 11 , ID 

20 peptide at aclcavage site berwee^^ 

sequences which, due to degeneracy of the genetic code, encode a numrnaJian II - 16 pro 
polypeptide encoded by any of the foregoing DNA inserts and sequences. 

4 The isolated polypeptide of claim 3 wherein the protein sequence is selected 
from the group consisting of amino acid 1 to amino acid 404. amino acid 5. to amino acid 
404. amino acid 120 to an amino acid beginning at position 278 and extending to amino 
acid 315. and amino acid 120 to amino acid 404 . 

5. An isolated DNA sequence encoding a nurnrnalian IL-1B pro enzyme. 

6. The isolated DNA sequence of claim 5 wherein the mammalian IL-1B pro 
enzyme is a human IL-1B pro enzyme. 

7 The isolated DNA sequence of claim 5 wherein the DNA sequence is 
35 elected from the group consisting of the nucleotide sequences In Ftgure 1 beginning at 
^eotide 1 nndextelgtonucleotid. 1232. beginmng at nucleotide 374 „ lextendu* 
„ nucleotide 1232, beginning at nucleotide 374 and extending to a nuclcoude from about 
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85 1 to about 962. DNA «equences which detectably hybridize to the Figure I sequence 
from nucleotide 1 to nucleotide 1232 and encode a polypeptide displaying biological 
activity to proteolytically cleave human precursor HMD polypeptide at a cleavage site 
between the Asp 1 16 and Ala 117 residues, and DNA sequences which, due to degeneracy 
5 of the genetic code, encode a mammalian IL-ID pro polypeptide encoded by any of the 
foregoing DNA inserts and sequences. 

g . A recombinant expression vector comprising a DNA sequence according to 
claim 5. 

10 • ,. 

9 . A recombinant expression vector comprising a DNA sequence according to 

claim 6. 

10. A recombinant expression vector comprising a DNA sequence according to 
15 claim 7. 

11. A process for preparing a mammalian 11.- IB pro enzyme or an analog or 
derivative thereof, comprising culmring a suitable host cell comprising a vector according 
to c laim 8 under conditions promoting expression. 

20 

12. A process for preparing a mammalian IL-1B pro enzyme or an analog or 
derivative thereof, comprising culmring a suitable host cell comprising a vector according 
to claim 9 under conditions promoting expression. 

25 13. A process for preparing a mammalian IL-16 pro enzyme or an analog or 

derivative thereof, comprising culturing a suitable host cell comprising a vector according 
to claim 10 under conditions promoting expression. 

14. An inhibitor compound comprising: 
30 Z-02-Asp-Q! 

where Z is an N-tcrminal protecting group; (fc is 0 to 4 amino acids such that the sequence 
02-Asp substantially corresponds te at least a portion of the sequence Ala-Tyr. Val-Hts-Asp 
and Qi is an electronegative leaving group. 
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15. The inhibitor compound according to claim 14 wherein Z is C\-C$ alkyl, 
benzyl, acetyl. Ci-Qj alkoxycarbonyl. benzyloxycarbonyl or C! Co alkyl carhonyl 
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1 6. The inhibitor compound according to claim 1 4 wherein Z is t- 
butOAyuubonyl, acetyl or bcnzyloxycarbonyl. 

17. The inhibitor compound according to claim 14 wherein Qj is an aldehyde, a 
5 diazomcthyl ketone or a haluixjethyl ketone. 

1 8. The inhibitor compound according to claim 14 wherein Qj is fluoromcthyl 

ketone. 

10 19. The Inhibitor compound according to claim 14 wherein Q2 is 1 amino acid 

residue? 

20. The inhibitor compound according to claim 14 wherein Q2 is His. Phe. Pro 

or i yr 

15 

21. A pharmaceutical composition comprising a physiologically acceptable 
carrier and an inhibitor compound of the formula; 

Z*Q2-Asp-Qi 

where Z is an N-terrainal protecting group; Q2 is 0 to 4 amino acids such that Q2- Asp 
20 substantially corresponds to at least a portion of the sequence Ala-Tyr-Val-His-Asp and Qj 
is an electronegative leaving group. 

22 . A compound selected from the group consisting of Boc-Asp-CtoF. Boc- 
His-Asp«CIl2F, Boc-Phc-Asp-O^F, Boc-Pro-Asp-O^F, Boc-Tyr-Asp-O^F, Ac-His- 

25 Asp-CH2F, Ac-Phe-Asp-CH2F. Ac-Pro-Asp-CH2F, Ac-Tyr-Asp-CH2F. Cbz-His-Asp- 
ai2F. Cbx-Phc-Asp-O^F, Cbz-Pro-Asp-O^F and Cbz-Tyr-Asp-CJ^F wherein Boc 
is t-butoxycarbonyl f Ac is acetyl and Cbz is benzyloxycarbonyl. 

23 . A method for improving wound healing at a wound site comprising 
30 administering a pharmaceutical composition to the wound site comprising the isolated 

polypeptide of claim 1 in a suitable pharmaceutical carrier. 

24. A method for treating arthritis comprising administering a pharmaceutical 
composition comprising the isolated polypeptide of claim 1 in a suitable pharmaceutical 

35 carrier. 
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25. A method for Bearing an «nmw .. 
comprising administering , phsTmalnT!^ *~» in • »*cpUble Individ,,., 
of own 1 i„ , sulablophwaaoouricaj c^^ 05 " 10 " *« P°»7*pudc 

5 26. The method of daim2S»»i^--.k- 

diMMeuid.i^M,!!^ ""«»t melius. Omves' du^. Huhimoio, 

30. An antisense oligonucleotide eomprian. . rf , 

nucleotides complementary to a sequenc. afZT IT ° f " lcast 15 
oligonucleotide inhibits Zj^Zl^Z ' ^ 
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Attachment to Form PCT/ir.A/210 PCT/US91 /G2339 

Continuation <jf Part VI. 
List-in of muLtiple inventions 

Group I, claim* 1-4, dravn to a protaaes molsc.uie. 

Group II, claims S 13, dravn to • DNa atquenoc, on expres- 
sion vtctor containing the DNA, and a method of using the 
sxprssslon vector to make a protease. 

Group III. claims 14-72 and 2fl. dravn to sn inhibitor, s 
pharmaceutical composition comprising the inhibitor and a 
method of use. 

Group VI, claim 23, Urawn to a method lor i«proviuu wound 
healing. 

Group VII, dale 24, dravn to a method for treating arth- 
r * tiit 

Group VTTI, claims 23-26, dravn to a method for treating 
sn autoimmune disease. 

Uroup IX, claim 27, dravn to a method for reducing the 
aide effects of radiation. 

Group X, claim 29, drawn to a method ox treating inflamma- 
tion. 

Group XI, claim 29, dravn to a method of treating an 
autolmmuns disease. 

. 4 Croup _ wl * Am 30 ' dr »™ to an antlsenss 

oligonucleotide. 
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J, Biol. Chem. , Volume 2G4, No. 10, issued 
|05 April 1909, R. A. Blar:k. et. el. . • A Pre- 
■ aapartate-specixie Protease From Human Leu- 
kocytes That Cleaves Pro-interleukin- 1 fl" . 
i see pages 5323-5376, see particularly page 
; A324. last lull ssntence and page 5326, 
| line 6-13. 



Nature, Volume 313, issued 20 June 1965. C. 
J. March, et. al. , "Cloning, Sequence And 
Expression 01 Two Distinct Hunan Inter leu - 
kin-1 Complementary DNA's", see peges 641- 
647, see particularly aentencs spanning 
pages 644*645 and first lull sentence on 
page 646. 

Proc. Natl. Acad. Scl. , USA, Volume 70. No. 
11, Issued November 1961, S. V. Suggs, st. 
al. . •Uae Of Synthetic Oligonucleotides As 
Hybridization Proses* Isolation* Of Cloned 
cONA 6equeneee For Human fl .-microglobulin • • 
see pages 6613-6617. 
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